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PREFACE 


This investigation was conducted by the Environmental Laboratory 
(EL), U. S. Army Engineer Waterways Experiment Station (WES), Vicksburg, 
Miss. , during 1978-1980 by Drs. John W. Simmers, Bobby L. Folsom, Jr., 
and Charle!T~R. Lee'“an’d'Messrs. Derrick J. Bates, Thomas C. Sturgis, 

Dewey S. Sandberg, Roger D. Brock, and R. Glenn Rhett of the Contaminant 
Mobility Research Team, under the general supervision of Dr. R. M. Engler, 
Chief, Ecological Effects and Regulatory Criteria Group, Dr. R. L. Eley, 
Chief, Ecosystem Research and Simulation Division (ERSD), and Dr. John 
Harrison, Chief, EL. Assistance was also received from several other 
members of the ERSD. Funding for the study was provided by the Dredging 
Operations Technical Support (DOTS) Program, Mr. C. C. Calhoun, Jr., 
Program Manager. 

Dr. C. B. Loadholt, Professor of Biometrics, Medical College of 
South Carolina, assisted the authors on statistical matters. 

This report is the fourth in a group of reports addressing biocon¬ 
centration of heavy metal contaminants by marsh plants. 

Helicopter landings for plant collections at selected locations 
within the respective refuge areas were arranged by the following: 

Mr. Russ Ernest, Manager, Area 3, Region U, U. S. Fish and Wildlife 
Service (USFWS); Mr. Frank Johnson, USFWS, Aransas National Wildlife 
Refuge; Mr. Russ Clapper, USFWS, Anahuac National Wildlife Refuge; 

Mr. Ron Bisby, USFWS, San Bernard and Brazoria National Wildlife Refuges; 
Mr. Donald Hankla, Manager, Area 1, Region USFWS; Mr. >William 
Hickling, Manager, Area 2, Region U, USFWS; Dr. John Bozeman, Georgia 
Department of Natural Resources; Mr. Martin D. Perry, Acting Project 
Leader, Savannah Complex of Refuges; Mr. Larry Nygren, USFWS, Morton, 
Amagansett, Conscience Point, Target Rock, Brigantine, and Barneget 
National Wildlife Refuges; Messrs. Phil Feiger and Charlie Blair, USFWS, 
Eastern Neck National Wildlife Refuge; Messrs. Bill Julian and Matt 
Kershbaum, USFWS, Martin National Wildlife Refuge; Mr. Dell Kidde, 

USFWS Area 5; and Mr. William Sherman, Superintendent, Metro beach, 
'•'etropark, Mt. Clemens, Mich. 
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The Comr.ianders and Directors of the WES during the study and the 
preparation and publication of the report were COL John L. Cannon, CE, 
and COL Nelson P. Conover, CE. Technical Director was Mr. F. R. Brown. 


This report should be cited as follows: 

Simmers, J. W. et al. 1981. "Field Survey of Heavy 
Metal Uptake by Naturally Occurring Saltwater and 
Freshwater Marsh Plants," Technical Report EL-81-5, 

U. S. Army Engineer Waterways Experiment Station, CE, 
Vicksburg, Miss. 
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FIELD SURVEY OF HEAVY METAL UPTAKE BY NATURALLY OCCURRING 
SALTWATER AND FRESHWATER MARSH PLANTS 


PART I: INTRODUCTION 


Background 

1. The U. S. Army Corps of Engineers is required to dredge more 
than 205 million cubic metres of sediment from the waterways of the 
United States each year to maintain navigation channels (Water Resources 
Support Center 1979). Disposal of this amount of sediment is of imme¬ 
diate concern. Marsh creation from dredged material has received in¬ 
creased public support in recent years. However, contaminants such as 
toxic metals may move from the substrate through plant uptake and seri¬ 
ously affect biological components of the ecosystem. The heavy metals 
that are considered contaminants when present in high concentrations in 
dredged material are also present naturally in soils and sediments, 
presumably in lower concentrations. 

2. Research under the Dredged Material Research Program (DMRP) and 
the Dredging Operations Technical Support Program (DOTS) has documented 
the uptake and bioconcentration of certain heavy metals in the common 
marsh plants Spartina altemiflora and Cyperus esaulentus when these 
species are grown on contaminated dredged material. However, no comple¬ 
mentary data base exists for the same species grown on naturally occurr¬ 
ing sediments. A need exists to develop a data base that will serve as 

a baseline for evaluation of contaminant uptake by plants grown on con¬ 
taminated dredged material being used for marsh or upland habitat de¬ 
velopment. The establishment of this natural marsh heavy metal baseline 
is necessary to relate plant uptake data from dredged material to 
naturally occurring levels of heavy metal uptake. 

Purpose and Scope 

3. This study is the fourth in a group of studies addressing the 
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bioconcentration of heavy metal contaminants via marsh plants. In a 
previous greenhouse hydroponic study, Lee, Sturgis, and Landin (1976) 
found that Cyperus eseulentus, Spartina patens, S. altermiflora, and 
Distichlis spiaata. accumulated heavy metals from the hydroponic solu¬ 
tions. In development of prediction techniques for contaminant motil¬ 
ity, Lee, Sturgis, and Landin (1978) related heavy metal accumulations 
in S. alterniflora, S. patens, and D. spic-ata collected from dredge I 
material disposal sites to the heavy metal content of various chemical 
extractions of dredged material. The greenhouse study of Folsom, Lee, 
and Bates (i960) focused on the distinctions between reduced (flooded) 
and oxidized (upland) contaminated sediments with respect to heavy metal 
uptake by C. eseulentus and S. alterniflora . Throughout the remainder 
of this report, these studies will be referenced as the hydroponic study, 
the disposal site study, and the greenhouse study, respectively. Ac¬ 
cordingly, a field survey and sampling study was designed with the fol¬ 
lowing objectives: 

a. To determine concentrations of heavy metals in plants from 
natural marshes along the Atlantic and gulf coasts and 
around the Great Lakes. 

b. To compare the heavy metal concentrations in plants from 
the above-mentioned natural marshes to those previously 
found in marsh plants grown on dredged material. 

U. The field sampling was based on the plant species used in the 
greenhouse study. The estuarine marsh plant Spartina alterniflora 
(Loisel.) Merr. was collected along the Atlantic and gulf coasts. 

This widespread, abundant species took up heavy metals readily during 
the hydroponic study. In the greenhouse study, S. alterniflora accumu¬ 
lated some heavy metals. Locations sampled were limited to the Atlantic 
and gulf coasts of the United States. Sampling sites included natural 
marshes located near industrial and urban areas as well as wildlife 
refuges and National, State, and local parks or natural areas. Sampling 
was limited to those plants colonizing naturally occurring sediment. 

5 . Cyperus species, C. eseulentus L. , C. strigosus L., C. odoratus 
L. , C. erythrorhyzos Muhl., and C. Englemanni Steud. , were collected 
from naturally occurring marsh areas along the United States' shore of 







the Great Lakes. Cyperus esaulsntus took up metals very rapidly from 
hydroponic solutions and was subsequently utilized in the freshwater 
portion of the greenhouse study. While C. esoulentus is not the domi¬ 
nant plant in the natural marshes of the Great Lakes, one or a combina¬ 
tion of the five similar species mentioned above is present. 

Approach 

6 . Helicopters were used to collect plant leaf samples from 
naturally occurring colonies of 3. al- crnifl< v „• and Cyperus species 
( C . esaulentus where possible). At each site, four to five composite 
samples were taken. The samples were c- 1 looted at maximum vegetative 
growth and at least half were collected in proximity tc previous sedi¬ 
ment, dredged material, or plant collection sites fer direct comp arisen. 
This study was concerned only with riant leaf heavy rs'al .-or, cent rations 
therefore, sediment samples were not coll eel td. 'ids- :1s:. - so.miles were 
analyzed for zinc (Zn), cadmium (Cd), copper ( f Ju), nickel i.'i , lead 
(Pb), mercury (Hg), chromium (Cr), iron (Pe), man,-anes* ' ”n , and 
arsenic (As). Plant leaf processing procedures developed in the rreviou 
disposal site study were utilized. Heavy metal composition of plants 
in the natural marsh communities near the data IceL of previous studies 
was also included in the data base in order to compare the contami¬ 
nant levels in naturally occurring S. alterniflora and Cuperus species 
to those determined in the previous disposal site and greenhouse studies 
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PART II: FIELD COLLECTION 

Location and Documentation of Sites 


7. The selection of the natural marsh sites for the field study 
collections was based on the sources of the plants collected in the 
disposal site study and the dredged material and sediment utilized in 
the greenhouse study. Approximately one half of the samples were 
collected from natural marshes in proximity to the sediment collection 
areas used in the greenhouse study; the remaining plants were collected 
from natural marsh areas within 320 to U 80 km along the coast overlapping 
the disposal area sites (Figure l). Natural marsh areas selected in¬ 
cluded locations mentioned in the above studies and areas within Federal, 
State, and local wildlife refuges. Spartina alterrii flora was collected 
from the saltwater marsh areas and Cyperus species were collected from 
the freshwater marsh areas. 

8 . Within each general area (Figure l), possible natural marsh 
collection sites were located on U. S. Geological Survey (USGS) topo¬ 
graphic sheets, 7.5-min series where possible, and the information 
transferred to 1:500,000 aeronautical sectional charts. The sectional 
chart usage improved communication with the charter helicopter pilots, 
facilitated advanced planning with contractors, and reduced redundant 
motions in the field. Permissions and clearances were requested for all 
potential collection areas from the appropriate Federal, State, and local 
jurisdictional agencies prior to departure. 

9. Once the field party reached a possible collection site as shown 
on the sectional chart, a specific area of collection was chosen and 
plotted on the corresponding topographic sheet. Photographs were taken 

of each sample within the collection site. After collection, an aerial 
photograph was made of each site, looking north at 30- to 1+5-m altitude 
(Appendix A). A field sketch was made of each collection site with the 
locations of the plant samples denoted and the wet and dry areas of the 
collection site shewn. The accompanying field notes included additional 
information on the features of the collection site. The photographs and 
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O DISPOSAL SITE STUDY (LEE, STURGIS, ANO LANDIN 1978) 
• GREENHOUSE STUOY (FOLSOM, LEE, AND BATES 1980) 
FIELO SURVEY ( THIS STUOY) 


Figure 1. Locations of sediment and marsh plant collections 
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field sketches were compared to the topographic sheets in order to 
verify the map location of each site and the locations of the samples 
within each site. The latitude, longitude, and appropriate USGS topo¬ 
graphic sheet for each verified saltwater and freshwater site were 
recorded (Appendices B and C, respectively). 

10. The predicted tidal parameters for each of the salt marsh 
collection sites were tabulated from Tide Tables 1978 (U. S. Department 
of Commerce 1977). Information on the prevailing wind direction, by 
month, at both saltwater and freshwater marsh collection sites (Appen¬ 
dices B and C, respectively) was extrapolated from weather station data 
from the nearest cities. Weather data were obtained from climatological 
references of Court (197*0 and the Water Information Center, Inc. (197*0- 

Spartina altemiflora Collection 

11. Spartina altemi flora was collected from natural saltmarshes. 
Four samples of Spartina were taken from each collection site. Gener¬ 
ally, two of the samples, labeled C and D, were taken from flooded condi¬ 
tions and two, A and B, were taken from drier, relatively upland but not 
necessarily farther inland, areas. Collection times were planned to per¬ 
mit collections to be made at low tide when tidal fluctuation was signifi¬ 
cant. Each sample consisted of the amount of Spartina that could be 

encompassed by a 28.7-cm square made from a folding carpenter's ruler 
2 

or 823.7 cm . The plants were clipped 5 cm above the ground with Wiss 68 
or 607 clippers. The plant material from each sample was placed in a 
115-£ trash can liner with an acetate label, secured with a twist tie, 
and placed on ice in an ice chest for shipment within 2*+ hr to the U. S. 
Army Engineer Waterways Experiment Station (WES), Vicksburg, Miss. 

12. Collections of Spartina altemi flora were made from 63 natural 
saltwater marsh areas along the U. S. gulf and Atlantic coasts in July 
and August 3978. Fifteen natural marshes were sampled along the Texas 
gulf coast on 18 and 19 July 1978 (Figure 2). Corpus Christi sites CC1- 
CC6 were taken in the vicinity of Nueces Bay, Tex., a site of the previ¬ 
ous disposal site studies and the sediment source for the greenhouse 
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Figure 2. Saltwater natural marsh collection sites 
Corpus Christi, CC1-CC15 




study. Additional samples were collected north along the coast to the 
Houston area corresponding to the disposal site study collection areas. 
Collections of Spartina along the Louisiana coast (Figure 3) on 



SCALE GULF OF MFXICO 

20 0 204060 KM 

Hill 

Figure 3. Saltwater natural saltmarsh collection 
sites. New Orleans, N01-N012 

20 and 21 July 1978 were made in the same general area used in the dis¬ 
posal site study and in the study of Gosselink, Hopkinson, and Parrondo 
(1977). The 12 sampled areas in Louisiana were designated N01-N012. 
Twelve sampling areas were also utilized along the Atlantic Coast (JV1- 
JV12) from Jacksonville, Fla., north to Wilmington, N. C. (Figure h ), on 
1 and 2 August 1978. These collection sites were based on the locations 
of the disposal site study and studies by Broome, Woodhouse, and Seneca 
(1973) and Dunstan and Windom (1975)- In the New York area (Figure 5), 
collections NY1-NY6 were made in natural marshes adjacent to the Bridge¬ 
port, Conn., sediment collection sites of the greeenhouse study and near 
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NORIM CAROLINA 



Figure U. Saltwater natural marsh collection 
sites, Jacksonville, JV1-JV12 











a disposal site study area. The remaining marsh collection sites were 
located along Long Island Sound and south along the New Jersey coast 
where disposal sites had been sampled. Collections were made 8 and 9 
August 1978. The final saltwater natural marsh collections were taken 
in the Baltimore, Md., area on 10 and 11 August 1978 (Figure 6). Sites 



Figure 6. Saltwater natural marsh collection 
sites, Baltimore, BM1-BM12 

BM1-BM6 were located in natural marsh areas near Baltimore Harbor with 
several near the collection sites of the disposal site study and the 
sediment collecton sites of the greenhouse study. Collection sites 
BM7-BM12 were located along the Chesapeake Bay marshes south to the 









Norfolk, Va., area near locations of previously sampled disposal sites 
utilized in the disposal site study and the study by Drifmeyer and Odum 
(1975). 


Cyperus Collection 

13. Collections of Cyperus species were made from the freshwater 
marshes associated with the harbors and adjacent coastal areas of 
Menominee, Mich.; Milwaukee, Wis.; Indiana Harbor, Ind.; Michigan City, 
Ind.; and Detroit, Mich. (Figure 7). Cyperus is not an abundant genus 
in these freshwater marshes, and, therefore, the sampling system was 
adjusted. A folding carpenter's ruler was arranged as a 59.2- by 28.7-cm 
rectangle (1669 cm ) and placed around each of the four most abundant 
stands of Cyperus. The samples were designated A, B, C, and D. The 
plants were harvested in the same manner as the Spartina with the excep¬ 
tion that 3.8-i storage bags were used to contain the plants. A fifth 
composite grab sample of Cyperus, labeled E, was collected by hand 
picking the plants dispersed around the site. 

lU. At each collection site an attempt was made to locate any 
t utn - r ar f Trr m gr r ■b y 1 • tire spet - i vsr-pre sgtrtr — Timer s“"mnv nerffotmar ---— 

15. Cyperus species (Appendix D) were collected in the U. S. Great 
Lakes area at 31 sites (Figure 7) during August 1978. Natural marshes 
were selected near the sediment collection sites, namely Detroit, 
Menominee, Milwaukee, Indiana Harbor, and Michigan City. Collections 
in the vicinity of Detroit (coded DE) were made along the west shore of 
Lake Erie, from Toledo, Ohio, north along the Detroit River to Mt. 
Clemens, Mich., on 16 and 17 August. Six collections, ME1-ME6, were 
made in the Lake Michigan shoreline marshes at Menominee, Mich., on 
22 August. The emergent lake shore in the Milwaukee (MW) area is not 
conducive to marsh formation. Only two suitable collection areas were 
found; plants were collected on 23 August. One natural marsh containing 
Cyperus was found near Indiana Harbor (IN) on 2h August. Thirteen 
Cyperus collections were made along the east shore of Lake Michigan 
northeast of Michigan City (MC), during 2h and 25 August. Michigan 









Figure 7. Freshwater natural marsh collection sites; Detroit, DE1-DE9; 
Menominee, ME1-ME6; Milwaukee, MW1-MW2; Indiana Harbor, INI; and Michigan 

City, MC1-MC13 




City collections (MC1-MC13) were made along the Kalamazoo River and 
smaller streams just east of Lake Michigan. 

Field Plant Identification 


16 . Spartina alterniflora was identified in the field from vege¬ 
tative material by comparison with material from the greenhouse study 
and use of the key to vegetative material in Grey's Manual of Botany 
(Fernald 1950). No attempt was made to characterize the variety. 

17. Cyperus is a highly technical genus. The many similar¬ 
appearing species may only he accurately distinguished hy examination 
of mature floral parts. Field identifications were made to genus only; 
species identifications were made later from voucher specimens stored 
as a permanent record. Representative inflorescences and seeds taken 
from the plants analyzed were mounted on herbarium sheets and placed in 
the WES Research Herbarium as sheets numbered 0001FS78 through 0031FS78. 
The Cyperus species collected were identified by utilization of the keys 
of Voss (1972), Gleason (1952), Fernald (1950), Swink and Wilhelm (1979), 
Mohlenbrock (i 960 ), and Marcks (197*0. Collected specimens were com¬ 
pared with materials in the herbaria of the U. S. National Museum, the 
Morton Arboretum, and the Department of Botany, Southern Illinois 
University-Carbondale. Identified as the field collections were 

C. esoulentus, C. strigosus, C. odoratus (= C. feruginesoens), 

C. erythrorhyzos, and C. Englemanni, The Cyperus species are listed by 
site in Appendix D. 

Helicopter Utilization in the Field 

18. The availability of helicopters made access to remote areas 
less time-consuming and allowed site selection to be enhanced by aerial 
survey. With a helicopter it was possible to select and visit six or 
more collection sites per day over more than 500 km of coastline. 

Aerial photographs made of the site, from the helicopter, significantly 
improved the accuracy of site documentation. 
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19. The most common helicopter in the size class utilized in this 
study is the shaft turbine-powered helicopter. The turbine engines have 
a higher safety factor and use jet fuel A, which contains no lead or 
compounds that could leave deposits on the plant leaves. When the 
helicopter was deployed downwind from the collection site, there was 
little possibility of fuel residue contaminating the plant samples. 
Additionally, surface contamination was addressed in the treatment of 
the plant material in the laboratory. 

Laboratory Procedures 

20. Plant samples were shipped and stored at U°C until processed. 
The plant leaf samples were cleaned using the procedure of Elias and 
Patterson (1975) as modified during the previously described disposal 
site and greenhouse studies. Several duplicate samples were processed 
without the cleaning procedure for evaluation of the extent of leaf 
surface contamination. The plant tissue was oven dried at 70°C, ground 
into a coarse powder using a Wiley mill, and digested by nitric acid. 

The plant digestates were analyzed for Zn, Cd, Cu, Ni, Fb, Hg, Cr, Fe, 
Mn, and As. The instrumentation and detection limits of the chemical 
parameters are given in Table 1. 

Statistical Analysis 

21. Descriptive statistics were calculated for all chemical con¬ 
centration and uptake data for the plants, by species and collectively. 

A paired test was used for guidance in (a) evaluation of differences in 
contaminant content of S. altevniflora collected from flooded and up¬ 
land conditions, (b) comparison of contaminant data from washed and 
unwashed plants addressing the significance of surface contamination, 
and (c) comparison of quadrat and grab samples of Cyperus species. 
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PART III: RESULTS AND DISCUSSION 


Saltwater Natural Marshes 


Comparison of flooded 

and upland plant collections 

22. No statistically significant differences in heavy metal con¬ 
tent of S. altemiflora were found when the means of samples A and B, 
collected upland at each site, and samples C and D, collected from 
flooded areas at each site, were compared (Table 2). Studies of rice 
grown in oxidized and reduced environments suggest that less heavy metal 
uptake occurs under reduced (flooded) conditions (Bingham et al. 1976; 
Jugsujinda and Patrick 1977; and Reddy and Patrick 1977)- The greenhouse 
study established the relationship of sediment contamination to plant 
contaminant uptake for S. altemi flora and D. spiaata under flooded 
conditions. In addition, C. esculentus grown on reduced (flooded) con¬ 
taminated sediments was shown to take up less Cd, Zn, and Mn than when 
grown under oxidized (upland) conditions. Comparison of the data of 
this field study with that of the greenhouse study (Figures 9-17) often 
shows a generally higher heavy metal concentration in the plants from the 
natural marsh. The differences between the natural marsh and greenhouse 
data may be explained by the nature of the tidal fluctuation in the natu¬ 
ral saltwater marsh. Generally, during a lunar month the tidal cycles 
result in flooding of the whole collecting site; additional complete or 
partial submergence may be due to storm events. Likewise, during the 
same time span the site may be partially drained and dry or oxidized on 
the surface. The natural marsh substrate may have been oxidized to a 
greater extent than the continuously flooded sediment in the greenhouse 
study. An illustration of tidal range at sites NY1-NY5 (Figure 5) in the 
Bridgeport, Conn., area was 0 to 2.l6 m above mean sea level (msl) for 
the collection date of 8 August 1978, but the range for the year, exclud¬ 
ing storm events, was -0.U6 to 2.^1 m above msl (U. S. Department of Com¬ 
merce 1977)- As a consequence, the marsh sediment has an opportunity to 
drain and become oxidized when the tide is -0.U6 m above msl. Increased 
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oxidation of the marsh substrate may increase plant available heavy metai 
with a resultant increase in plant contents. 

Comparison of the heavy metal 
content of washed and unwashed samples 

23. Statistically significant differences in heavy metal concen¬ 
trations were only found between Cd concentrations of washed and un¬ 
washed S. altemiflora when leaf samples were compared (Table 3). 

These data are in contrast to the significantly higher leaf adsorbed 
Ni and Zn of the disposal site survey attributed to airborne contam¬ 
inants. Apparently the natural marsh plants collected were not notice¬ 
ably influenced by airborne contaminants. It appears, from the spcratic 
results of washing, that washing the leaves is only necessary when air¬ 
borne contamination is a reality at the collection site. 

Heavy metal content of 
S. altemiflora leaf tissue 

2h. Leaf tissue heavy metal concentrations (Appendix E) vcr. com¬ 
pared with those determined in the previously described greenhouse and 
disposal site studies and with existing literature values. 

25. Both leaf tissue concentration (Appendix E) and total plant 
uptake values, calculated by multiplying leaf tissue concentration by 
the total yield of the sample collected and then dividing by the area 
sampled (square metres) (Appendix F), were considered for each metal. 

26. The data presented in Appendices E and F indicate that a pro¬ 
nounced geographic variation occurs in the baseline heavy metal levels 
in the natural marsh. To address this variation, site-specific compari¬ 
sons were made utilizing existing literature values and portions of the 
data collected during the disposal site study. Leaf tissue concentra¬ 
tion and uptake data from natural marsh and disposal sites were compared 
for sites located within approximately 0.5 deg of latitude and longitude 
(Table U). These are arbitrarily designated areas in which the compared 

sites are no more than 60 km apart within an area of approximately 
2 

ll,8Uo km . Each area is small enough to allow regional grouping of data 
loci for comparison. These resultant areas were designated areas 
A through L (Figure 8). 
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27. The comparison of total heavy metal uptake values of plants 
from natural marsh and disposal site at maximum vegetative growth is 
intended to reflect the generally greater biomass found on the disposal 
sites (Table 5) and the concomitant increased potential for contaminant 
movement into the biota. The comparisons of disposal, site uptake, based 
on collections made in 1975 and the natural marsh survey of 1978, may be 
less indicative of real differences than comparisons of plants collected 
during the same year. 

28. Arsenic. The concentration of As in S. altemiflora was gen¬ 
erally very low, usually less than 0.03 yg g ^ or below detection limits 
(Figure 9). This is similar to the level observed in the greenhouse 
study. Due to the hot acid digestion of the plant samples, these values 
may be low due to As loss via volitization. In the natural marsh a few 
relatively high levels were observed at JV9 C, 0.83 yg g \ and JV1 C, 
0.U8 ug g ^. Arsenic uptake for JV1 through JV^, which are in Areas E, 

F, and G in Figure 8, ranged from 25.5 to 63.7 yg m . Jacksonville 9 
was the location with the greatest plant uptake value, 16 U .6 yg m , 
without explanation. Other areas with high total plant As uptake values 
were NY2, NY3, and NYU in Area A, Long Island Sound; BM1, near Baltimore 
Harbor; CC10 and CC11 in Area K; CC1, Nueces Bay in Area L; and N011 
and N012 in Area I. There are no disposal site data available with 
which to make a total As uptake comparison. 

29 . Cadmium. The Cd content of S. altemiflora leaves was usually 
less than 0.02 yg g \ a level slightly less than that of the disposal 
site study and significantly less than the levels of the greenhouse study 
(Figure 10). A few samples from NY1, NY3, and NYU (Figure 5) ranged in 
concentration upward to 0.72 yg g \ although these sites were not uni¬ 
formly high in Cd. The uptake in the natural marsh in Area A, an indus¬ 
trial area of long standing that includes these sites, was notably higher 
than that of the disposal site of the same area (Figure ll). In the re¬ 
maining coastal areas, the Cd uptake values were lower in the natural 
marshes sampled or equal to those of the disposal sites (Figure ll). 
Dunstan and Windom (1975) found an average concentration of 0.6l yg g ^ 

Cd in the natural marshes along six southeastern United States river 
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for the Cd in the 


systems, a value higher than the mean of 0.02 yg g 
same species reported in this study. The plant Cd mean of the JV sites 
that generally corresponds with Dunstan and Window's (1975) collection 
area was 0.07 yg g ’*'• With the exception of Area A (Figure 8), Cd con¬ 
tent and uptake in natural marsh S. altemiflora was less than or equiva¬ 
lent to that of the same species grown on disposal sites or flooded con¬ 
taminated sediments (Figure ll). Disposal sites appear to be contributing 
more Cd into the environment via plants than the natural marsh. 

30. Chromium. The mean Cr content of natural marsh S. altemi- 
flora was 1.17 Pg g~^ (Figure 12). This is a significantly higher level 
than found in either the greenhouse or the disposal site studies. The 
levels of Cr uptake in the natural marsh of the comparison areas (Fig¬ 
ure 13) were higher or within one standard error of the uptake of the 
disposal sites. Area D (Figure 8) would perhaps be expected to have a 
higher level due to the Wilmington, N. C., fabric mills and the utiliza¬ 
tion of Cr in dyes, but this difference was not statistically significant. 
There are no data available in the literature for further comparison. 

31. Copper. Leaf samples of S. altemi flora grown in natural 
marshes contained 1.2 to 5-5 Pg g 1 Cu. This is similar to the Cu 
content of those plants from the disposal site and greenhouse studies 
(Figure lU). Broome, Woodhouse, and Seneca (1973) reported 2.0 to U.O 
Mg g 1 Cu from S. altemi flora collected from natural marshes along the 
North Carolina coast. Collections made from the same general area, 

JV11 and JV12 (Figure h) during this field survey yielded values of 
0.2 to 3.0 yg g _1 , values similar to those of the previous authors. 
Analysis of S. altemi flora from the U. S. gulf coast by Gosselink, 
Hopkinson, and Parrondo (1977) indicated a mean Cu level of U.0 yg g . 

The analyses field survey collection in the New Orleans (NO) area in¬ 
dicated the leaf samples contained 0.2 to 11.2 yg g ^ Cu (Appendix E6) 
with the majority of the samples falling in the 2.0- to U.0-yg g 1 range. 
These Cu content levels were similar to those found in S. patens and 

D. spioata during the disposal site study. The highest concentrations 
observed were in Areas A and B (Figure 8) and NOU and N05 (Figure 3). 

The former locations (Areas A and B) were associated with intensive 
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Figure 13. Total chromium uptake by S. altemi flora in natural 
marshes and disposal sites 
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Figure lU. Distribution of copper concentrations, 
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industrialization, but the latter (NOU and N05) were located in isolated 
marsh areas. In terms of leaf content data, it appears that plants grown 
on flooded contaminated sediment and plants grown on dredged material 
disposal sites did not contain any more Cu than natural marsh plants. 

32. Total uptake of Cu in the natural marsh plants was generally 
less than or equal to that of the plants collected during the disposal 
site study (Figure 15). This observation reflects the generally lower 
biomass production in the natural marsh as compared to that in the dis¬ 
posal site. As expected from the previous discussion, natural marsh Cu 
uptake was greatest in Area A. In Area C, the natural marsh Cu uptake 
was considerably higher than that of the disposal sites. This is mainly 
the result of a higher biomass production in the natural marsh in that 
area. 

33. Iron. The concentration of Fe in natural marsh S. altemi- 
flova was marginally greater than that recorded in the greenhouse study 
(Figure l6). This was contrary to the more completely reduced conditions 
maintained in the greenhouse study under which Fe availability was 
thought to be increased. Consistently high values for Fe were asso¬ 
ciated with more than one sample at JV9, NY1, NYU, NY6, and N012. NY1, 
NYU, and NY6 were sites located in and around Bridgeport, Conn. , an area 
of long standing industrial activity (Figure 5). In addition, NY6 was 
adjacent to a gun club on Stratford Point, Conn., which is also a site 

with high plant leaf Pb content. The Fe uptake at these sites is also 

_p 

high, ranging from 237,U82 to 792,682 vg m . Site JV9 was located at 
Santee Point, S. C., and appeared to be essentially free from any source 
of contamination (Figure U), although the Fe concentration ranged from 
80 to U 738 pg g \ with a mean of 1328 yg g Dunstan and Windom 
(1975) found inoo Mg g ^ Fe in Spartina, leaves and rhizomes combined, 
at this same location. Site N012 samples were collected on Marsh Island, 
a Louisiana State Wildlife Refuge (Figure 3). There were no Fe data col¬ 
lected during the disposal site study for comparison. 

3U. Lead. The mean Pb concentration of natural marsh S. altermi- 
flora was 1.3 Mg g ^, a value greater than that of the greenhouse study, 
0.6 Mg g 1 , and the disposal site study, 0.9 Mg g -1 (Figure 17). Plant 
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leaf Fb content was greater than 5.0 ug g ^ at only one site, NY6. This 
natural marsh was adjacent to the gun club on Stratford Point, where the 
high Pb content may be due to Fb shotgun pellets. This site was also 
high in Fe. Drifmeyer and Odum (1975) reported a concentration of 
9.1 ug g ^ Pb in S. altemiflora collected from a confined dredged mate¬ 
rial disposal area in Virginia and 1.9 pg g in a natural marsh nearby. 
The mean of Pb concentrations in S. altemiflora in the natural marsh 
plants sampled during this study, 1.3 iJg g \ is slightly lower than the 
value of the previous authors but represents a range of 0.0 to 26.7 ug g ^ 
(Appendix E). The mean of the Pb concentrations from sites BM8 to BM11 
(Figure 6), near the collection area of Drifmeyer and Odum (1975), was 
1.8 pg g "*"• Lead uptake was found to be highest in Area A that includes 
NY6 (Figure 18). With the exception of Areas A, B, and L, Pb uptake in 

the natural marsh was less than or equal that in the disposal sites. 

_2 

Disposal site uptake levels were higher than ]000 ug m only an 
Areas A, B, and L. 

35. Manganese. Levels of Mn in the natural marsh were found to be 
significantly lower, with a mean of 51-6 ug g ^ , than those of the green¬ 
house study (Figure 19). No data from the disposal site study were 
available for comparison. As demonstrated in the greenhouse study with 
Cyperus esaulentus, Mn uptake would be greater under reduced conditions. 

As tidal fluctuations may allow seme oxidation, the actual difference 
between the greenhouse and natural marsh plant leaf Mn is more pronounced. 
In contrast to the greenhouse study, examination of the Fe-Mn ratio did 
not indicate that Mn levels were generally higher than those of Fe. Man¬ 
ganese concentrations were uniformly high in Areas C, H, and J (Figure 3) 
and also in the N06 area (Figure 3). Total plant Mn uptake (Appendix F) 
was commensurately higher in these areas also. There appeared to be no 
relationship between Fe and Mn concentration data on visual comparison. 

36. Mercury. The concentration of Hg in S. altemi flora Paves was 
relatively low and similar to the disposal site findings, approximately 
one third the level found in the greenhouse plants (Figure 20). There 
were no areas of uniformly high Kg concentrations. While Dunstan and 
Windom (1975) found up to O.Lh pg g ^ of Hg in S. altemi flora in the 
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Figure 19- Distribution of manganese concentrations, 
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Figure 20. Distribution of mercury concentrations 
S. altermiflora 







area referred to here as JV, no concentration of Hg determined during 
the natural marsh survey exceeded 0.0T pg g The levels of Hg in salt¬ 
water natural marsh plants approximate those found in plants grown on 
dredged material. Due to the low levels of Hg in both natural marsh and 

disposal site plants, extensive variation appears in the uptake compari- 

_2 

son (Figure 21). Natural marsh Hg uptake values never exceeded k3 pg m 
(Appendix F). These low values may be a result of Hg loss through voli- 
tization during the hot acid digestion of the plant material. 

37. Nickel. The Ni concentration of S. altemiflora leaf tissue 
was generally less than 6.0 pg g -1 (Figure 22). The distribution of 
leaf Ni concentrations generally paralleled that of the disposal site 
data in contrast to the very low levels, 0.3 pg g \ found in the green¬ 
house study. Nickel uptake in the natural marsh plants (Figure 23) 
varied from higher (Areas E, F, K, and L) to within one standard error 
of the disposal site plants. Area A showed less Ni uptake in natural 
marsh plants than disposal site plants (Figure 23). The concentration 

of Ni at Areas E and F were, however, less than 3-5 Pg g ^ Ni, but due to 
more biomass production in the natural marsh compared to the disposal 
site, these areas showed the highest uptake values. 

38. Zinc■ The mean concentration of Zn in natural marsh S. alter- 
niflora was 15 Pg g 1 (Figure 2k). This value is slightly lower than 
those from the disposal site study and significantly lower than the 

^3 pg g 1 mean of the greenhouse study plants. Gosselink, Hcpkinson, 
and Parrondo (1977) found 11 pg g 1 Zn in 5. altemiflora of natural 
marshes in Louisiana. Collections from the same general vicinity, NO 
(,Figure 3), yielded a higher mean of ik pg g . Spartina altemiflora 
collections from JV11 and JV12 (Figure k), near the locations from which 
Broome, Woodhouse, and Seneca (1973) reported 17 pg g ^ Zn, contained a 
mean of 23 Pg g These values are higher than the 7 to 10 pg g 
Zn reported by Williams and Murdock ( 1969 ) from studies made further 
north at Beaufort, N. C. In the vicinity of BM8 to BML1 (Figure 6), in 
Virginia, Drifmeyer, and Odum (1975) reported Zn concentrations of 39 
and 20 pg g \ respectively, from a dredged material disposal area 
and an adjacent natural marsh. In comparison, the concentration of Zn 
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Figure 21. Total mercury uptake by S. altemiflora in natural 
marshes and disposal sites 
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Figure 22. Distribution of nickel concentrations 
S. altemiflora 
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Figure 23. Total nickel uptake by S. altemiflora in natural 
marshes and disposal sites 
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Figure 2h. Distribution of zinc concentrations, 
S. altemiflora 







found at BM8 to BM11 was 15.81 yg g ^. Zinc concentrations were not 
uniformly greater than U 5 yg g 1 in Area L (Figure 8) where, until 1975, 
a Zn smelter had been in operation. Zinc uptake in the natural marsh 
was generally equivalent to that of the disposal sites (Figure 25). 

Notable exceptions were the disposal sites in Area L which yielded plants 
with much higher Zn uptake than the natural marsh. Higher biomass pro¬ 
duction on the disposal site may have accentuated this difference in Zn 
uptake. 

Freshwater Natural Marshes 

Comparison of heavy 
metal contents of quadrat 
and grab samples of Cyperus 

39- Statistical comparisons of the means of heavy metal contents 
of plants collected by both quadrat (samples A, B, C, and D) and hand 
picking or grab methods (sample E) indicated no significant difference 
(Table 6). The variability of the data does not allow a conclusion to 
be drawn in respect to the value of either sampling technique. 

Correlation of heavy metal 
content and uptake with the 
percent of Cyperus in the quadrat 

1*0. The percentage of Cyperus species by weight collected at each 
field site is shown in Table 7. Competition effects of other plant 
species within a site were hypothesized as potentially influencing the 
heavy metal content and uptake of Cyperus. Accordingly, a statistical 
examination was made to see if the lower biomass of Cyperus might have 
higher metal contents and lower metal uptake reflecting a dilution effect. 
A statistical examination did not evidence any correlation between the 
percent of Cyperus in the collected biomass and either concentration or 
uptake of heavy metals. The percent of Cyperus in the collected biomass 
was not correlated to either concentration or uptake of heavy metals. 
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Ul. The leaf heavy metal concentrations of the morphologically 
similar species of Cyperus , C. esoulentus, C. odoratus (= feruginesoens), 
C. strigosus, and C. Englemanni (Appendix G) collected from natural 
freshwater marsh areas were compared with those of C. esoulentus var. 
sativus grown in the greenhouse study. The results of the previous 
greenhouse study indicated that, under upland (oxidized) conditions, 

C. esoulentus had higher concentrations of Zn, Cd, Cu, Mn, and Pt>, while 
Fe content was highest under flooded or reduced conditions. Concentra¬ 
tions of Ni, Cr, and Hg were the same under both disposal conditions. 

The watering protocol utilized in the upland portion of the greenhouse 
study approximated the conditions prevalent in Cyperus habitats. Most 
of the samples collected in the field were collected from areas that 
flooded during rains and subsequently dried out. Additionally, the 
Cyperaceae are among the first species present in disturbed areas; 
therefore they are collected only from the edges of the natural marsh, 
often near man-made structures. For this reason, the samples collected 
in the field might be expected to have the highest of the natural marsh 
Zn, Cd, Cu, and Pb levels. There are no literature values other than 
those of the greenhouse study available for comparison with the heavy 
metal content data discussed herein. 

U2. The total uptake values of Cyperus aboveground tissue were 
calculated for comparison to those determined during the greenhouse 
study. These data, converted to milligrams per square metre, appear in 
the following discussion as Tables 8-17. The uptake of heavy metals by 
Cyperus during the greenhouse study generally appears greater than that 
noted in the natural marsh. This phenomenon is directly related to the 
greater biomass developed under the greenhouse conditions, the nutrient 
contents of the sediment, and the absence of the competition from other 
early successional plants. 

1+3. Arsenic. The plant leaf tissue content of As was never 
greater than 0.35 ^g g 1 and usually was below detection levels (Fig¬ 
ure 26). This is essentially the same distribution found in the 
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Figure 26. Distribution of arsenic concentrations 
Cyperus species 




greenhouse study. Arsenic contents of plants grown under flooded condi¬ 
tions in the greenhouse were as high as lU pg g ^ on sediments highly 
contaminated with 316 pg g ^ total As,. Arsenic uptake by Cyperus was 
negligible (Table 8). This may have been the result of volitizaticn of 
As during the hot acid digestion procedures prior to analysis. 

I 4 U. Cadmium. Cadmium concentrations were found to be considerably 
lower than those of the greenhouse upland plants and slightly less than 
those of the greenhouse flooded group. As the field collections were 
made principally from areas presumed to be oxidized substrate similar 
to the greenhouse upland, the contrast is greater (Figure 27 ). No collec¬ 
tion sites were found to contain consistently high Cd levels. Most sam¬ 
ples contained less than 0.75 pg g ^ and none exceeded 3.50 pg g ^ Cd. 

The total uptake cf Cd by the natural marsh Cyperus was usually less 
than 0.10 mg m ' and invariably less than that of the greenhouse study 
(Table 9). riant uptake of Cd under greenhouse conditions could be ex¬ 
pected to be greater since the growth environment was free from competi¬ 
tive plants and other adverse growing conditions that could occur in the 
field. These data indicate that riant uptake of Cd from dredged mate¬ 
rial should be of concern and should be monitored. 

1+5. Chromium. The level of Cr in natural marsh plants ranged 
from 0.0 to 33.23 Pg g -1 (Figure 28). These levels were higher than 
those determined in Cyperus from either greenhouse disposal condition. 

The highest consistent levels were found in the MC area and at ME3 (Fig¬ 
ure 7). There appeared to be no pattern in the location of the plants 
with higher Cr levels in the field. Cyperus leaves were rinsed with de¬ 
ionized reverse osmosis (R0) water before processing. Leaf surface 
adsorbed Cr could account for the higher contents of leaf Cr in marsh 
samples versus the greenhouse-grown plants. Washing S. altemiflora 
leaves appeared to result in lower Cr content, but this difference was 
not statistically significant in this study. Chromium uptake was less 

_p 

than 1 mg m (Table 10). Greater plant biomass production in the green¬ 
house study would explain the larger Cr uptake in the greenhouse plants. 

L6. Copper. The mean Cu concentration in the natural marsh was 
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Figure 27. Distribution of cadmium concentrations, 
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8.2 yg g \ a value significantly higher than the means of 3*7 and 
2-7 yg g 1 for the upland and flooded greenhouse plants, respectively 
(Figure 29). While no area yielded plants with uniformly high Cu concen¬ 
trations, the higher levels were usually associated with the MC collec¬ 
tions (Figure 7). Collections from this area generally contained from 
5.0 to 23 yg g ^ Cu. The overall range of Cu for all Cypevus samples was 
0.0 to 26.8 i..j g with no variation attributable to species differences. 
Total uptake of Cu was usually less than that measured in the greenhouse 
study (Table 11). The larger biomass production of greenhouse plants 
would explain the larger plant Cu uptake in the greenhouse study. 

17. Iron. Iron concentrations ranged from 28 to 1873 yg g ^ 
with a mean of l66 yg g \ This concentration was higher than those of 
the greenhouse flooded and upland disposal environments (Figure 30). The 
concentrations of the samples at MC11 (Figure 7) were the highest, rang¬ 
ing from U 98 to 1893 yg g There were no obvious sources of Fe at 
the site such as refuse. Iron total uptake values ranged from 1 to 

36 mg in . This range is similar to that of the greenhouse upland 

_2 

condition, 1 to W mg m , and the greenhouse flooded, 0.5 to 
35 mg m 2 of Table 12. 

U8. Lead. The mean of the Pb concentrations in the natural marsh 
Ojpevus was 6.07 yg g~\ representing a range of 0.0 to 85.20 yg g \ 

These levels were significantly greater than either the greenhouse flooded 
or upland means of 1.05 and 1.20 yg g \ respectively (Figure 31). No 
field sites were associated with either consistently high levels, over 
5 pg g \ or low levels, less that 5 yg g \ While the helicopter with 
nonleaded fuel should have eliminated the possibility of additional air¬ 
borne Pb contamination of plant leaves, the deionized R0 water rinse may 
not have removed previous airborne Pb contamination of collected leaves. 
This could explain the higher Pb content in field-collected leaves when 
compared to the greenhouse plants. Total uptake of Pb was generally less 
in natural marsh Cyperus than either upland or flooded greenhouse values 
(Table 13). The greater biomass production of greenhouse-grown plants 
would explain the larger total uptake of Pb in the greenhouse study 
plants. 
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Figure 31. Distribution of lead concentrations 
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49. Manganese. In contrast to Cr, Cu, Fe, and Pb, Mn leaf tis¬ 

sue concentration was lover in the natural marsh than in either treat¬ 
ment in the greenhouse study (Figure 32). The range of Mn concentra¬ 
tions in natural marsh Cypems was 19 to 551 yg with a mean of 158 

pg g . Manganese concentrations were not uniformly high or low at any 
location. In the natural marsh, there was a reversal of the Fe-Mn ratio 
of the greenhouse study, or the Mn concentrations were lower than those 

of Fe. The total uptake values for Mn in natural marsh Cypems ranged 

_2 

from 0.6 to 50 mg m . These total uptake values are generally 
lower than those of either upland or flooded conditions in the green¬ 
house study treatments (Table l4). 

50. Mercury. Concentration of Hg in natural marsh Cypems seldom 
exceeded 0.02 pg g \ a value slightly lower than either of the green¬ 
house treatments (Figure 33). Sites DEI, DE2, and DE3 (Figure 7) ap¬ 
peared to have the highest levels of Hg, up to 2.0 pg g ^ These low 
values for Hg may be a result of gaseous loss of Hg during the hot acid 
digestion of the plant material. Total uptake of Hg by Cypems from 
the natural marsh was negligible (Table 15). 

51. Nickel. The Ni concentrations in the leaf tissue of Cyperus 
from the natural marsh ranged from 0 to 14.1 yg g 1 (Figure 34). The 
distribution of values was relatively uniform and most values were 
significantly higher than the values reported in the greenhouse study. 

No single area yielded plants with uniformly high or low concentrations. 
The deionized R0 water rinse may not have washed airborne particulate 
Ni contamination from the plant leaves and therefore could explain the 
higher leaf Ni contents from the field collections. Biomass production 
and Ni uptake of the greenhouse plants was usually greater than that of 
the field-grown plants (Table l6). 

52. Zinc. Zinc concentrations in the natural marsh Cypems ranged 
from 0 to 317 Ug g ^ (Figure 35)- The mean of the natural marsh plant 
concentrations, 79 Pg g was less than that of the greenhouse up¬ 
land plants, 122 pg g \ and slightly higher than that of the green¬ 
house flooded plants, 67 ug g Since the field substrate conditions 
were presumed to be similar to the conditions in the greenhouse upland 
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environment where Zn uptake was found to be greater, it appears that Zn 
concentrations may be lower in the natural marsh. Uniformly high levels 
in the vicinity of 100 to 200 yg g ^ were found in plants collected at 
MC11 and MC12 (Figure 7). There were no obvious factors influencing the 
elevated Zn levels in these natural marsh areas. The total uptake of 
Zn by Cyperus aboveground tissue was generally lower in the natural 
marsh (Table 17). Sites MC11 and MC12, two field sites exhibiting high 
Zn concentration, did not show correspondingly high plant uptake values. 
These data indicate that the high Zn contents were related to small 
plants as a concentration effect due to plant size. Since the green¬ 
house plants produced more biomass than field-grown plants, it follows 
that Zn uptake was greater in the greenhouse plants. 




PART IV: CONCLUSIONS AND RECOMMENDATIONS 


53. Heavy metal concentrations in marsh plants sampled in natural 
stands were quite similar in range to those concentrations observed in 
plants collected from CE disposal sites and those grown in contaminated 
sediments in the greenhouse. Exceptions were ti.~ lower Mn and Zn con¬ 
tents of S. alterni flora sampled in the natural saltwater marsh and lower 
Mn and Fe contents of Cyperus species sampled in the natural freshwater 
marsh. These data indicate that, if a contaminated dredged material is 
placed in a flooded disposal environment, the marsh plants colonizing 
that area should contain heavy metals in levels similar to those of 
natural marsh plants in the vicinity of the dredged material disposal. 

5U. A comparison of total plant heavy metal uptake values of 
natural saltwater marsh plants with those of disposal site plants of 
the same geographical area indicated a generally higher Cd total up¬ 
take in the disposal site plants. This is related to the larger biomass 
production on the disposal sites versus the natural marsh. The reader 
must remember that Cd contents and uptakes have been compared for differ¬ 
ent years and the conclusions may not be true if plants were collected 
from disposal sites and their associated natural marshes during the 
same growing season. 

55- Additional research is needed to more accurately establish 
the relationship among heavy metal uptake by marsh plants growing in 
disposal sites and in adjacent natural marshes during the same growing 
season of the same year. Both saltwater and freshwater environments 
need to be studied. 

56 . This report conclusively indicates that dredged material con¬ 
taining elevated Cd concentrations should not be disposed in an upland 
environment, but rather in a flooded (reduced) environment. Placing a 
Cd-enriched dredged material in a flooded environment should result in 
marsh plants containing Cd levels equal to or less than those correspond¬ 
ing values of adjacent, naturally occurring marsh plants. Consequently, 
the environmental impact of disposing of a Cd-enriched dredged material 
should be minimized under such a flooded disposal environment. 
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Table 1 

Techniques Used in the Analysis of Nitric Acid Digests 


Chemical 

Species 

Procedures and/or 

Instrumentation 

Lowest Reporting 
Concentration 
yg g _1 

Zn* 

Determined with a Spectrametrics Argon 

0.1000 


Plasma Emission Spectrophotometer 



Model II 



Cd* 



0.1000 

Cu* 



0.1000 

Fe* 



0.1000 

Mn* 



0.1000 

Ni* 



0.1000 

Cr* 



0.1000 

Pb* 



0.1000 

As 

Determined with a Nisseisangyo Isotope 

0.0010 


Shift Zeeman Effect 

Atomic Absorption 



Spectrophotometer 



Hg 

Cold Vapor Flameless . 

Atomic Absorption 

0.0002 


Standard Methods** 




* Determined with a Perkin-Elmer Heated Graphite Atomizer Absorption 
Unit to reach (all in yg g - ^) 0.0001 Cd, 0.00U Zn, 0.001 Cu, 0.0005 
Fe, Mn, and Pb, 0.003 Ni, 0.001 Cr. 

** American Public Health Association (1976). 






Table 2 


Comparison of Leaf Heavy Metal Contents of Flooded 
and Up l and Collections of S. altermiflora 


Metal 

Mean Leaf 
Flooded 

Concentration, pg g ^ 
Upland 

Level of 
Significance 

Arsenic 

0.208 

0.0134 

NS* 

Cadmium 

0.08 

0.07 

NS 

Chromium 

2.49 

2.38 

NS 

Copper 

3.1 

3-5 

NS 

Iron 

128 

l4o 

NS 

Lead 

2.1 

2.6 

NS 

Manganese 

6l 

72 

NS 

Mercury 

0.015 

0.016 

NS 

Nickel 

1.7 

2.2 

NS 

Zinc 

22 

34 

NS 


* NS = Not significant 





Table 3 


Comparison of Leaf Heavy Metal Contents of Washed and 
Unwashed Portions of Samples of S. altemifiora 


Metal 

Mean Leaf 
Washed 

Concentrations, yg g - ^" 
Unwashed 

Level of 
Significance 

Arsenic 

0.009 

0.021 

NS* 

Cadmium 

0.10 

0.23 

0.05 

Chromium 

2.21 

2.53 

NS 

Copper 

4.1 

3-9 

NS 

Iron 

191 

143 

NS 

Lead 

2.4 

2.1 

NS 

Manganese 

72 

75 

NS 

Mercury 

0.016 

0.019 

NS 

Nickel 

1.9 

1.7 

NS 








* See Figure 8 for locations of designated areas. 

** Locations in code used in Lee, Sturgis, and Landin (1978). 














Table 6 



Comparison of Heavy Metal 

Contents of Grab 


and Quadrat Samples 

of Cyperus 



1 

a = 0.05 


Mean Leaf Concentrations, pg g - 

Level of 

Met al 

Grab 

Quadrat 

Significance 

Arsenic 

0.032 

0.026 

NS* 

Cadmium 

0 .1+0 

0.35 

NS 

Chromium 

2.68 

2 .1+0 

NS 

Copper 

7.6 

8 .1+ 

NS 

Iron 

158 

168 

NS 

Lead 

*.7 

6 .1+ 

NS 

Manganese 

11+5 

l6l 

NS 

Mercury 

0.012 

0.016 

NS 

Nickel 

3.5 

3.5 

NS 

Zinc 

83 

79 

NS 


* NS = Not significant. 

















Table 9 

Total Uptake of Cadmium by Aboveground 


Tissue of Cyperus Species 


Total Uptake, mg m 


Greenhouse 


Location* 

Natural Marsh 

Upland 

Flooded 

DEI 

0.01 

1.16 

0.21* 

2 

0.08 

15.36 

8.26 

3 

O.OU 

0.1*9 

0.06 

1+ 

0.02 

— 

— 

5 

0.02 

— 

— 

6 

0.01 

— 

— 

7 

0.03 

— 

— 

8 

0.03 

— 

— 

9 

0.01 

— 

— 

INI 

0.07 

0.70 

0.3l* 

2 

— 

k.ko 

1.90 

3 

— 

1.1*3 

1.22 

MCI 

0.02 

1*9.52 

6.26 

2 

0.01 

96.65 

22.3l* 

3 

0.01 

28.55 

11.88 

1+ 

<0.01 

— 

— 

5 

0.01 

— 

— 

6 

0.02 

— 

— 

7 

0.02 

— 

— 

8 

0.01 

— 

_ 

9 

0.0H 

— 

— 

10 

<0.01 

— 

— 

11 

0.01 

— 

— 

12 

0.03 

— 

— 

13 

<0.01 

— 

— 

ME1 

<0.01 

2.1*7 

1.1*1 

2 

<0.01 

0.56 

1.53 

3 

<0.01 

16.28 

0.05 

1* 

<0.01 

— 

— 

5 

0.01 

— 

— 

6 

0.20 

— 

— 

mwi 

0.01 

53.22 

7.39 

2 

0.01 

3.21 

0.9l* 

3 

— 

1.92 

0.70 


* Abbreviations are the same areas as those shown in Figure 7 




Table 10 


Total Uptake of Chromium by Aboveground 
Tissue of Cyperus Species 


Total Uptake, mg m 


Greenhouse 


Location* 

Natural Marsh 

Upland 

Flooded 

DEI 

0.05 

0.11 

0.06 

2 

0.88 

0.92 

1.77 

3 

0.00 

0.03 

0.06 

It 

0.1*7 

— 

— 

5 

0.39 

— 

— 

6 

0.16 

— 

— 

7 

0.26 

— 

— 

8 

0.03 

— 

— 

9 

0.05 

— 

— 

INI 

0.06 

0.1 i. 

O .65 

2 

— 

1.22 

2.21 

3 

— 

0.80 

3-58 

MCI 

0.07 

IS** 

lit. 59 

2 

0.05 

2 it. 20 

21.61* 

3 

0.05 

l.lh 

16.19 

It 

0 . 0 U 

— 

— 

5 

0 . 0 U 

— 

— 

6 

0.18 

— 

— 

7 

0.15 

— 

— 

8 

0.13 

— 

— 

9 

0.23 

— 

— 

10 

0.07 

— 

— 

11 

0.10 

— 

— 

12 

O.Olt 

— 

— 

13 

0.01 

— 

— 

ME1 

0.03 

0.21 

0.99 

2 

0.09 

0.58 

0.57 

3 

0.09 

0.99 

0.11 

U 

0.22 

— 

— 

5 

0.20 

— 

— 

6 

0.71+ 

— 

— 

MW1 

0.17 

0.62 

26.72 

2 

O.OU 

O.Hl 

0.18 

3 


1.12 

0.53 

* Abbreviations are the same areas as those 
** IS = Insufficient sample for analysis. 

shown in Figure 7. 
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Table 11 



Total Uptake of 

Copper by Aboveground 


Tissue of 

Cypems Species 



-2 




Total Uptake, mg m 




Greenhouse 


Location* 

Natural Marsh Upland 

Flooded 

DEI 

0 . 5 I+ 

1.05 

1.27 

2 

1.09 

6.55 

9.52 

3 

0.50 

1.37 

0.1+8 

k 

0.67 

— 

— 

5 

0.82 

_ 

_ 

6 

0.68 

_ 

— 

7 

1.08 

— 

— 

8 

0.83 

— 

— 

9 

0.29 

— 

— 

INI 

0.27 

1.55 

1.91 

2 

— 

3.98 

0.86 

3 

— 

2.96 

9.93 

MCI 

0.37 

16.39 

7.71+ 

2 

0.33 

27.85 

18.21 

3 

0.32 

13.59 

12.63 

k 

0.22 

— 

— 

5 

0.22 

— 

— 

6 

0.70 

— 

— 

7 

0.77 

— 

— 

8 

0.51 

— 

— 

9 

1.38 

— 

— 

10 

0 . 6 l 

— 

— 

11 

0.35 

— 

— 

12 

0.29 

— 

— 

13 

0.29 

— 

— 

ME1 

O.lU 

5.52 

lit. 00 

2 

0.13 

1.00 

5.96 

3 

0.29 

7.82 

0.72 

k 

0 . 2 U 

— 

— 

5 

0.23 

— 

— 

6 

1.80 

— 

— 

MW1 

0.15 

27.52 

21.18 

2 

0 .0l+ 

5.07 

6.07 

3 

— 

1+.76 

5.11 


* Abbreviations are the same areas as those shown in Figure 7. 
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Table 12 


Total Uptake of Iron by Aboveground 
Tissue of Cyperus Species 


Total Uptake, mg m 


Greenhouse 


Location* 

Natural Marsh 

Upland 

Flooded 

DEI 

10.30 

1.80 

0.90 

2 

35-71 

5.86 

32.46 

3 

12.50 

0.90 

0.90 

4 

9.98 

— 

— 

5 

11.52 

— 

_ 

6 

10.10 

_ 

_ 

7 

13.51 

— 

_ 

8 

11.51 

— 

_ 

9 

4.47 

— 

— 

INI 

4.29 

1.35 

4.50 

2 

— 

3.16 

11.27 

3 

— 

39.67 

33.81 

MCI 

7.12 

9.47 

16.68 

2 

5-37 

22.54 

27.95 

3 

4.72 

32.01 

34.72 

1 * 

3.87 

— 

— 

5 

3.32 

— 

_ 

6 

7.28 

_ 

_ 

7 

6.28 

__ 

_ 

8 

13.61 

__ 

__ 

9 

24.38 

— 

— 

10 

13.01 

— 

— 

11 

33.53 

— 

_ 

12 

1.46 

— 

_ 

13 

1.67 

— 

— 

ME1 

3.92 

4.06 

4.50 

2 

2.13 

3.16 

5.41 

3 

2.64 

4.50 

0.45 

4 

7.31 

— 

— 

5 

8.31 

— 

_ 

6 

29.47 

— 

— 

MW1 

7.85 

27.95 

31.11 

2 

7.95 

47.79 

5.86 

3 


6.76 

5.86 

* Abbreviations 

are the same areas 

as those shown in Figure 7. 
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Table 13 


Total Uptake of Lead by Aboveground 
Tissue of Cyperus Species 


Location* 


DEI 


2 

3 

U 

5 

6 
T 
8 
9 


Natural Marsh 

0.57 

3.22 

1.09 

0.35 

0.66 

0.U9 

0.63 

0.65 

0.19 


Total Uptake, mg m _ 

_ Greenhouse _ 

Upland Flooded 


0.50 0 . 1 * 1 * 

3.92 2l*.32 

0 . 1*7 0.26 


INI 

2 

3 


O.lU 


0.35 

1.37 

1.27 


1.19 
2.85 
1 +. 13 


:i 

0.29 

3.23 

3.18 

2 

0.25 

5.65 

10.90 

3 

0.15 

3.16 

5.50 

1 * 

0.15 

— 

— 

5 

O . lJ * 

— 

— 

6 

0.92 

— 

— 

7 

0.30 

— 

— 

8 

0.21 

— 

— 

9 

2.00 

— 

— 

10 

0.28 

— 

— 

11 

0.10 

— 

— 

12 

O.lU 

— 

— 

13 

0.21 

— 

— 


MEl 

0.11 

1.80 

1.95 

2 

0.07 

1.38 

1.98 

3 

0.05 

1.90 

0 . 08 

U 

0.18 

— 

— 

5 

0 . 2U 

— 

— 

6 

1.01 

— 

— 


MW1 

2 

3 


0.11 1 *. 95 6 . 21 * 

0.28 2.12 1.76 

3.26 2.16 


* Abbreviations are the same areas as those shown in Figure 7. 






Table lU 



Total Uptake of Manganese 

by Aboveground 


Tissue of Cyperus 

Species 



-2 



Total 

. Uptake, mg m 




Greenhouse 


Location* 

Natural Marsh 

Upland 

Flooded 

DEI 

6.22 

6.3 

5.86 

2 

50.22 

158.70 

207.39 

3 

13.60 

16.23 

18.9 1 * 

1 * 

8.09 

— 

— 

5 

10.U9 

— 

— 

6 

1*. 31 

— 

— 

7 

3.17 

— 

— 

8 

10.08 

— 

— 

9 

6.12 

— 

— 

INI 

3.02 

1*6.89 

121.26 

2 

— 

317.85 

233.5l+ 

3 

— 

50.95 

131.65 

MCI 

6.18 

99.19 

21*3.91 

2 

6.80 

271.87 

296.21 

3 

2.83 

151*.19 

130.30 

l* 

i+.io 

_ 

_ 

5 

U.5h 

_ 

— 

6 

1+.68 

— 

— 

7 

1*. 53 

— 

— 

8 

13.77 

— 

— 

9 

1+.20 

— 

— 

10 

11.95 

— 

— 

11 

5.63 

— 

— 

12 

0.59 

— 

— 

13 

2 . 2 U 

— 

— 

ME1 

lH.OO 

HU. 18 

121.73 

2 

7.63 

60 . Hi 

H7.79 

3 

6.58 

185.75 

6.76 

1 + 

12.17 

— 

— 

5 

20.10 

— 

— 

6 

Ul.l 8 

— 

— 

MW1 

7.15 

288.10 

235.35 

2 

7 • 1 +9 

89.27 

136.61 

3 

— 

30.21 

10U.15 


Abbreviations are the same areas as those shown in Figure T 







Table 15 


Total Uptake of Mercury by Aboveground 
Tissue of Cijperus Species 




_2 

Total Uptake, mg m 




Greenhouse 


Location* 

Natural Marsh 

Upland 

Flooded 

DEI 

< 0.01 

0.02 

< 0.01 

2 

0.03 

0.02 

0 . 1*1 

3 

0.02 

< 0.01 

< 0.01 

k 

< 0.01 

_ 

_ 

5 

< 0.01 

_ 

_ 

6 

< 0.01 

_ 

_ 

7 

< 0.01 

_ 

_ 

8 

< 0.01 

_ 

_ 

9 

< 0.01 

— 

— 

INI 

< 0.01 

< 0.01 

o. 06 

2 

— 

o.oU 

0.06 

3 

— 

0.05 

0.13 

MCI 

< 0.01 

0.20 

0.06 

2 

< 0.01 

0.16 

0 . 1+2 

3 

< 0.01 

0.06 

0.21 

h 

< 0.01 

— 

_ 

5 

< 0.01 

_ 

__ 

6 

< 0.01 

_ 

_ 

7 

< 0.01 

_ 

_ 

8 

< 0.01 

_ 

_ 

9 

< 0.01 

_ 

_ 

10 

< 0.01 

_ 

__ _ 

11 

< 0.01 

_ 

_ 

12 

< 0.01 

_ 

_ 

13 

< 0.01 

— 

— 

ME1 

< 0.01 

0.01 

< 0.01 

2 

< 0.01 

0.01 

< 0.01 

3 

< 0.01 

0.03 

< 0.01 

1 + 

< 0.01 

— 

_ 

5 

< 0.01 

_ 

_ 

6 

< 0.01 

— 

— 

MWl 

< 0.01 

0.05 

0.02 

2 

< 0.01 

0.03 

0.02 

3 

— 

0.03 

0.03 


----—---- l 

* Abbreviations are the same areas as those shown in Figure 7. 




Table l 6 


1 



Total Uptake of Nickel by Aboveground 




Tissue of Cyperus Species 




Total 

Uptake, mg m 

-2 




Greenhouse 


Location* 

Natural Marsh 

Upland 


Flooded 

DEI 

0.07 

IS** 


IS 

2 

0.11 

0 . 8 l 


U. 77 

3 

0.30 

IS 


IS 

k 

0.29 

— 


— 

5 

0.18 

— 


— 

6 

0.19 

— 


— 

T 

0.30 

— 


— 

8 

0.07 

— 


— 

9 

0.07 

— 


— 

INI 

0.20 

IS 


IS 

2 

_ 

IS 


IS 

3 

— 

3.65 


0 . 56 

MCI 

0.28 

1.89 


8.91* 

2 

0.28 

11.93 


20.63 

3 

0.20 

12.19 


12 . 21 * 

1 * 

0.15 

— 


— 

5 

o.iu 

— 


— 

6 

0.21 

— 


— 

T 

o.U 8 

— 


— 

8 

0.20 

— 


— 

9 

0.20 

— 


— 

10 

0.29 

— 


— 

11 

0.15 

— 


— 

12 

0.08 

— 


— 

13 

0.11 

— 


— 

ME1 

0.06 

IS 


IS 

2 

0.08 

IS 


0.66 

3 

0.13 

5.71 


IS 

1 * 

0.10 

— 


— 

5 

0.18 

— 


— 

6 

0.1*9 

— 


— 

MW1 

0.15 

2.82 


0.72 

2 

0.01 

IS 


IS 

3 


IS 


0 . 21 

* Abbreviations are the same areas as those shown in 

Figure 7. 


** IS = 

Insufficient sample for analysis 








Table IT 

Total Uptake of Zinc by Aboveground 
Tissue of Cyperus Species 


Total Uptake, ms m 


Greenhouse 


Location* 

Natural Marsh 

Upland 

Flooded 

DEI 

7 • 1*7 

55.36 

1*9-77 

2 

18.59 

591.52 

986.38 

3 

5.Ql* 

118.39 

85.93 

1 * 

U.31 

— 

— 

5 

3.22 

— 

— 

6 

2.72 

— 

_ 

T 

8.88 

— 

— 

8 

12.98 

— 

— 

9 

1+. 33 

— 

— 

INI 

1*. 09 

UO. 39 

62.39 

2 

— 

213.79 

19U.95 

3 

— 

19U.95 

321.32 

MCI 

1.97 

719.12 

300.67 

2 

1.31 

781.78 

561.31 

3 

2.51 

311.86 

268.21 

1 * 

1.18 

— 

— 

5 

1 . Uo 

— 

— 

6 

5-27 

— 

— 

7 

6.69 

— 

— 

8 

3.35 

— 

— 

9 

9.60 

— 

— 

10 

3.77 

— 

— 

11 

2.71 

— 

— 

12 

3.88 

— 

— 

13 

1.92 

— 

— 

ME1 

3.11 

Lo. UU 

51.67 

2 

2.03 

87.19 

120.65 

3 

1.31* 

27.99 

1*. 50 

1 * 

1*.12 

— 

— 

5 

5.06 

— 

— 

6 

37.75 

— 

— 

MWl 

3.05 

1080.12 

291.70 

2 

0.69 

11 * 7.66 

20 U .91 

3 


126.28 

181 *. 35 

* Abbreviations 

are the same areas 

as those shown in Figure 7. 






► 


APPENDIX A: PHOTOGRAPHS OF SALTWATER AND 
FRESHWATER COLLECTION SITES 
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Photo 72. Site ME3 




















































Photo 82 . Site MC5 
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Photo 83. Site MC6 
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APPENDIX B: SALTWATER COLLECTION SITE 
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APPENDIX D 


CYPERUS SPECIES COLLECTED 
BY SITE 
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erus Species Collected by Site 




New county record for this species. (Sheet 1 of 8) 












Collection Site Location Sample Species Herbarium Number 



New county record for this species. (Sheet U of 8) 






Collection Site _Location Sample Species Herbarium Humber 



New county record for this species. (Sheet 5 of 8) 




Collection Site _Location Sample Species 






New county record for this species. (Sheet 6 of 8) 
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Leaf Tissue Heavy Metal Content (ng g ) of Spartina Alterniflora Samples 



( Cont. i nued ) 













f 



CO 

CO 

LA 

o 

00 

o 

LA 

O 

OO 

O 

O 

On 

LA 

LA 

LA 

O 

CO CO 

CO 

o 

LA 

o 

LA 

oo 

O 

CO 

o 

o 

LA 

LA 

oo 


VO VO 

A- 

o 

vo 

o 

A- 

o 

00 

o 

o 

VO 

A- 

CM 

CM 

O 

OO CO 

oo 

LA 

A- 

o 

CM 


LA 

OO 

o 

o 

A- 

A- 

rH 

hr 

rH 

<—1 

O 

(—1 

o 

CM 

O 

1—1 

o 

rH 

rH 

CM 

CM 

rH 

i—1 

CM 

o 

rH 

1—1 

rH 

(M 

rH 

O 

rH 

o 

rH 

CM 


o 

O 

O 


o 

o 

o 

o 

o 

O 

o 

a 

o 

o 

o 

O 

O 

O 

CJ> 

O 

o 

o 

o 

O 

O 

O 

O 

O 

o 

O 

O 

o 

o 

a 

o 


O 

o 

o 

o 

o 

O 

o 

o 

o 

O 

O 

o 

O 

o 

o 

O 

o 

o 

o 

O 

O 

O 

O 

O 

o 

O 

O 

o 

o 

o 

o 


o 

LA 

00 

LA VO -cT 

00 o 

LA rH 

LA 


o 

o 

ro 

ON A- CO 

00 

On CO 

CM 

CO 

o 

CO 

LA 

o vo vo 

A- 


LA 

LA H 

CM 

CM VO 

rH 

LA o 

On CM 

ON VO 

LA V0 VO vo 

LA O 

00 co 

A- 

rH 

A- 

LA 

LA CM 

LA CM 

CM co 


-cr 

Os 

CO 

CM 

CO 

o 

r— o 

ON LA CM 

A- 

LA O 

o 

co 

A- 

CO 

rH 

ro co 

O 

ro 

CO 

o -cr 

00 

O co 

ro cm 

ts) 

-cr 

LA 

o 

O 

Os 

a- -cr 

rH 

rH VO 

o vo 

A- 

00 

ON A- CM 

On on 

i—< 

A- 

O vo 

A— 

LA 

i—1 

LA VO VO 

A- oo 


CM 

CO 

1 — i 



CM 



i—1 


rH 

i —1 

CM 

00 

rH 


rH 

CM 

rH 

.cr 

CM 

oo 

CM 

rH 

-cr 

-cr 

CM 

CO 

vo 

CM 

CM 

rH 



LA 

O 

r— 

O 

LA 

O 

A- 

LA 

LA 

o vo 

LA 

rH 

LA 

ON 

o 

CM 

co 


A- 

LA 

OO 

o 

rH 


LA VO VO 

LA 


c— 

A- A- 

LA 

i—1 

LA 

A- 

LA 

CM 

A- 

A- 

LA 

A— A- O 

A- CO 

A- 

LA 

A- 

LA 

A- 

A— 


LA 

O 

LA 

A- 

CM 

A— CM 

•H 

c— 

CM 

O 

00 

A- -cT 

o 

A--3- 

o 

ON 

o 

O GO VO 

o 

o 

o 

LA 

o 

CM 

CM 

O 

Os CO 

A- 

LA CO 

A- 

oo vo 


o 

rH 

o 

rH 

CM 

O 

o 

rH 

rH 

o 

o 

oo 

CM 

rH 

CM 

-cr 

00 

LA 

O 

LA 

CM 

-cr 

o 

CM 

rH 

rH 

rH 

00 

rH 

CM 

rH 




V 




V 



V 













V 










-4- 

OO 

a- 

A- 

On 

c— 

A- 

A- 

i—1 

-0 

a- 


A- 

A- -cr 

CM 

CM -O’ 

-cr 

1—1 

A- 

LA 

CM 

CM 

A- 

ON 

CM 

A- 

LA MO 

LA 


VO VO 

CO 

rH 

0’S 

On co V0 

ON co 

r—1 

CO 

rH 

H CO 


ON CO 

Os 

On 

A- 

ro vo 

A— 


vo -cr 

VO 

CO 

A- 

A- 


00 oo 

LA 

rH 

i —1 

00 vo 

OO 

00 vo 

VO 

i — 1 — o 

rH CO -J- 

00 VO 

LA 

i — 1 

f — 1 

-cr 

VO VO 

VO 

co 

A- CO 

VO 

i — 1 

CM 

2 

A- 

LA 


-cT 

i — 1 

i —i 

rH 

A- 

00 co 

oo 

rH 

o 

on 

CM 

Os 

o 

ON 

vo -cr 

LA CO VO V0 

co 

On 

o -cr vo 

LA 


CM 

CM 

CM 

-Cf 

OO 

i — 1 

rH 

00 

CM -O' -M" CO 

o -cr 

CO NO 

o 

00 vo 

LA 

LA -cr 

CM 

OO 

A- 

PO 

LA 

cm -cr 

CM 

rH 














rH 



rH 

r —\ 

CM 









i —I 

rH 





VO 


CO CO 

o 

o 

A- 

ro vo -=r 

00 CO -O' 

oo -cr 

CM 

ON 

rH -cr 

CO 

A- CO 

CM 

CO 

OO 


CO 

OO -3- 

LA 

O 


CM 

l/'v CO 

O -cT 


co 

00 

CM VO 

CO 

CM 

CO CO co VO 

ro 

ON 


AS 

A- CO 


OO CO 

LA 

oo co 



o 

CM 

LA CO 

O 

o 

a- VO 

CM CO 

ON CO 

C— ON A— CM 

C— CM 

rH _cr 

rH 

rH CO VO 

ON 

o 

ro 

o 

oo 

o co -cr 

LA 


rH 

o 

rH 


CM 

CM 

CM 

o 

CM 

r—1 

1—1 

i—| 

1—1 

rH 

i—1 

00 

CM 

-cr 

1 —1 

00 

rH 

CSJ 

rH 

»H 

CM 

rH 

CO 

CM 

LA CM 


LA 

00 

CM 

D— 

ON vo 

CM 

A--cT 

OO 

A- CO 

ON A H 

CM 

oo 

A- 

LA 


On 

O 

CVJ VO 

A- 

ON 

00 

A- VO 

On 

O 


CM 

Os 

H vo -cT 

OO 


rH 

A- On vo 

A- 

CO vo 

CM VO 

A- CM 

LA 

vo 

A- CM 

rH CO 


ON 

rH V0 

ON 

i—1 

O 

Fe 

VD 

ro 

LA CO 

rH vo 

LA VO 

On CM OO 

oo 

r-H CO -cr 

CM 

CO 

A- 

rH 

LA VO 

OO 

o 

A- VO 

CO CO 

CO 

CM CO VO 

VO vo co vo 

i—| cO 

CM 

O 

CM 

rH 

00 

on -o- vo 

ON 

00 


CM 

A- 

A- CO -cr 

LA 0O 

o 

f"— 

rH 

oo vo 

oo 



—T 

co 

LA 

ro -cr 

oo 

r — co vo 

o 

A- -M 

00 

o 

o 

A- ON CO 

ON O 

rH 

A- 

ON 

CM 

ON 

o 

LA VO 

rH VO 












rH 



rH 

rH 

i—i 





rH 

i—1 



rH 


rH 

1—1 


'—1 




rH 

O 

LA 

LA VO 

LA O VO 

A- 

LA -cT 

CM 

LA CM 

LA 


A- CM 

CM 

rH 

A— LA 

00 

LA 

LA 

A- 

LA SO vo 

LA 


LA 

LA 

LA 

CM 

LA CM 

c— 

LA o 

A- 

A-VO 

o 

A- LA A- 

LA O 

CM 

o 

LA 

A- 

A— 


CM 

CM 

CM 

CM 

CM 

A- CM 

o 

vo vo 

LA CM 

CO CO co 

H 

A- 

oo -cr 

A- 

LA co 

A- 

LA-cT 

O 

CM 

oo-cr 

O vo 

on -cr 

ro 

H VO 

o 

CM 

CM 

CM -Ct 

CO 

CM 

rH 

ro -cr 

CO -O’ -cT -CT 

ro 

oo -cr 

cm -cr vo 

-cr 

rH 

-cr 

i—1 

ro 

OO 

o 

oo vo 

rH 

rH 

o 

V 



CM 

O 

O 

a- co 

O 

o vo vo 

00 vo vo 

o 

H 

LA 

o 


A- 

CM 

A- CM 

O 

ro 

LA 

A- 

rH 

o 

rH 

CM 

o 


o 

LA 

LA 

o 

CM 

00 

o 

o 

LA CM 

i — 1 

CM 

CM 

o 

LA 

A— 

o 

O CO 

o 

CM 

LA 

LA 


CM 

CM 

o 

o 

LA 

O 

o 

Cr 

c— r— cv 

CM 

o vo 

r—1 

LA 

h- On O H 

On CO -cr 

O VO 

LA CM 

A- -cr 

rH 

«H VO 

'—l 

-cr 

A- 

A- co 

A- 

A- 

CM 

00 -cT 

CM 

rH 

H -H- 

<—4 

00 CM 

CM 

CM 

1—1 

r — 1 

1 — 1 

i — 1 

o 

O 

OO 

00 

00 

oo -cr 

ro 

CM 

ro 

CM 

Os 

CM 

OO 

00 


LA 

O 

LA CO 

LA - 3 - 

O 

CO 

LA 

O 

00 

CM 

ON 00 

On la 

LA r-H VO 

LA 

A- 

rH 

o 

o 

co 

rH 

rH 

00 

rH 

O 

LA 


A- 

LA CM 

O 

0- 

00 

o 

LA CM 

O 

00 -CT 

O CO 

LA 

A- 

CM 

LA VO 

A- 

A- 

o 

o 

o 

LA 

LA 

LA 

00 

LA 

O 

C— 

T* 

1—l -cr 

o 

-cT 

o 

r-H 

o 

CO 

H 0O 

LA 

CO 

O CO vo 

CM VO 

LA CM 

1 — 1 

ON VO 

oo 

00 

O 

CM VO 

CO 

CM 

cm -cr 

O 

o 

O 

O 

o 

O 

»H 

o 

rH 

O 

O 

o 

rH 

1 — 1 

1 — I 

o 

O 

o 

o 

O 

o 

00 

CM 

CM 

rH 

(O 

i —f 

rH 

<*) 

i — 1 

o 

o 


o 

O 

O 

V 

o 

O 

O 

o 

o 

O 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

O 

o 

O 

O 

o 

O 

o 

o 


LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 


CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

As 

o 

O 

O 

O 

O 

<_> 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

o 

O 

O 

O 

O 

O 

CM 

O 

O 

O 

O 

o 

O 

o 

O 

o 

o 

O 

o 

O 

O 

O 

o 

O 

O 

o 

o 

o 

O 

O 

o 

o 

O 

O 

O 

O 

O 

O 

O 

d 

O 

O 

o 

o 

o 

o 


V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 









< 

co 

O 

Q 

< 

n 

O 

« 

< 

CO 

o 

Q 













or 

PQ 

o 

Q 

<£ 

PQ 

O 

a 













< 

m 

o 

Q 

< 

P4 

O 

< 

CO 

O 

Q 

< 

-P 








o 

o 

O 

O 

rH 

•—i 

i — 1 

H 

CM 

CM 

CM 

0J 














CO 

CO 

CO 

gs 

ON 

Os 

ON 




H 

H 


H 

pi 

H 

?! 

d 

H 





CM 

CM 

CM 

OO 

00 

ro 

oo -cr 

00 

2 

2 

>: 

s 

2 

2 

2 

X 

2 

2 

2 

2 

2 

Pc 

2 

2 

?! 

o 

o 

o 

o 

o 

a 

C ? 

o 

o 

C 4 

C) 

o 


P4 

04 

P4 

04 

CO 

P4 

04 

04 

04 

04 

04 

04 

04 

04 

U4 

04 

04 

04 

CO 

o 

o 

o 

o 

O 

a 

O 

o 

o 

O 

o 

o 


k 


(Continued) 













< 0.025 0.0958 2.863 2.175 108.617 3-383 31.617 1.125 10.550 0.0575 
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Site As Cd Cr Cu Fe Pb Mn Hi Zn Hr 

CC12 A 0.050 0.2932 2.U81 3.659 76.54l 1.1*79 3^3.208 1.228 31.266 0.0163 
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JVU D <0.025 <0.0025 1.400 0.975 42.262 1.537 53-412 1.400 4.813 0.0100 
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Site As Cd Cr Cu Fe Pb Mn Mi Zn Hg 

NYU A <0.025 0 . 1 U 82 5.2U9 13.059 2U3.69T 2.762 10.8U9 2.009 61 .U 6 U 0.0138 
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APPENDIX F: MEAN HEAVY METAL UPTAKE (ug nf 2 ) OF 
SPARTINA ALTERNIFLORA IN NATURAL MARSHES 
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Site As Cd Cr Cu Fe Pb Mn Ni Zn Hg 
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Site As Cd Cr Cu Fe Pb Mn Ni Zn Hr 

MC9 A 0.025 0.303U U.037 13-691 112.926 3.573 35.9^5 1.367 86.071 O.OO63 
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